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Aim: Cullin 4B (CUL4B) is a member of the cullin ubiquitin-ligase family, which partici-
pates in proteolysis. Aberrant CUL4B expression has been shown in many malignancies.
This study aimed to elucidate oncogenic role of CUL4B in gastric cancer (GC).

Methods: CUL4B expression in GC tissues was examined by RT-PCR and immunohisto-
chemistry. The proliferation, invasion and tumorigenicity of GC cells with CUL4B over-
expression or knockdown were evaluated.

Results: CUL4B expression significantly increased in GC tissues, and was correlated to
UICC stage and differentiation of GC, as well as poor overall survival and disease-free
survival. Both univariate and multivariate analysis identified CUL4B as an independent
predictor for GC patient prognosis. In addition, CUL4B promoted GC cell proliferation
and invasion in vitro and tumor formation in vivo.

Conclusion: CUL4B is overexpressed to promote GC development and progression.
CULA4B is a promising prognostic marker and therapeutic target for GC.
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Introduction

Gastric cancer (GC) is a leading cause of cancer-related deaths and is most common in
China."? Despite the developments in diagnosis and treatment, 5-year survival of GC
patients is still poor.®* Increasing evidences indicate that abnormal gene expression is
involved in GC initiation and progression.”® Therefore, the identification of novel
genes involved in GC is of significance for the early detection and treatment of GC.

Cullin 4B (CUL4B) is a member of the CUL4 subfamily of Cullin RING E3
ligase.” CUL4B plays an important role to regulate gene expression, DNA damage
and cell cycle.'® Mechanistically, CUL4B directly interacts with damage specific
DNA binding protein 1 (DDB1) and ring-box 1 (RBX1) by acting as a scaffold to
assemble two independent E3 ligases known as CRL4BP“AF!! and CRL4BPCAT!3,
which then catalyze the ubiquitination and degradation of the substrate p21 and
PTEN, respectively.'' Since both p21 and PTEN are tumor suppressors, the over-
expression of CUL4B would lead to the downregulation of p21 and PTEN, and
promote tumorigenesis.'>'® However, the role of CUL4B in the tumorigenesis of
GC and prognostic value of CUL4B in GC remains unclear.

In the present study, we first detected the expression of CUL4B in GC, and then
evaluated the correlation of CUL4B expression with clinicopathological parameters of
GC patients. Furthermore, we investigated the role of CUL4B in GC by examining the
effects of CUL4B overexpression and knockdown on the biological activities of GC cells
in vitro and in vivo.
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Materials and Methods

Patients

GC tissues were dissected from 50 GC patients (32 men
and 18 women) who had surgery for GC and had not
undergone radiotherapy or chemotherapy. The tumor
grade and stage were judged according to the guidelines
of UICC. Disease-free survival (DFS) and overall survival
(OS) indicated the time from initial surgery to recurrence/
metastasis and death, respectively. This study was
approved by Ethics Committee of Hubei University of

Arts and Science and all patients signed informed consent.

Immunohistochemistry

Tissue microarray (TMA) including 190 paired GC samples
was purchased from Outdo Biotech (Shanghai, China).
Tumor sections were dewaxed and rehydrated, and then
incubated in 3% H,O, for blocking endogenous peroxidase
activity. Next, the sections were incubated in boiled citrate
buffer (pH 6.0) for antigen retrieval. The sections were then
incubated with CUL4B antibody (Abcam, Cambridge, UK)
overnight at 4°C, followed by sequential incubation with
secondary antibodies and diaminobenzidine (DAB). The
sections were counterstained with hematoxylin and
observed by two investigators independently in a blind
manner. The intensity of staining was scored as 0 (no), 1
(mild), 2 (moderate), and 3 (strong). The area of staining
was scored as 0 (0), 1 (1-25%), 2 (26-50%), 3 (51-75%),
and 4 (76-100%). The staining score was the sum of the
score of staining intensity and area and judged as negative
(0-1), weak (2—4) and strong (5-6).

Real-Time PCR

Total RNA was prepared from tissues or cells using TRIzol
(Invitrogen). cDNA was synthesized using First Strand cDNA
Synthesis Kit (Fermentas, MA, USA). PCR was performed
using cDNA, SYBR green (Takara, Shiga, Japan) and the
following primers: CUL4B forward 5'-CCTGGAGTTTG
TAGGGTTTGAT-3', reverse 5-GAGACGGTGGTAGAAG
ATTTGG-3"; Glyceraldehyde-3-phosphate  dehydrogenase
(GAPDH) forward 5'-GGAGCGAGATCCCTCCAAAAT-3',
reverse 5'-GGCTGTTGTCATACTTCTCATGG-3'. The rela-
tive CUL4B mRNA level was normalized to GAPDH and
calculated by 2 **“" method.

Western Blot Analysis
Total protein was extracted from tissues or cells using RIPA
buffer (Beyotime, Jiangsu, China). Equal amounts of

proteins were separated by sodium dodecyl sulfate polya-
crylamide gel electrophoresis and transferred onto polyviny-
lidene fluoride (PVDF) membranes. The membranes were
incubated with primary antibody for CUL4B (Abcam,
Cambridge, UK) and B-actin (Santa Cruz, CA, USA) over-
night at 4°C, followed by sequential incubation with sec-
ondary antibody and ECL reagent (Millipore, MA, USA).

Cell Transfection

Human GC cell lines BGC-823, AGS, HGC-27, MKN-28,
MKN-45, SGC-7901, MGC-803 and normal gastric mucosa
cell line GES-1 were purchased from Chinese Academy of
Science, and cultured in RPMI 1640 medium supplemented
with 10% fetal bovine serum (FBS, Gibco, CA, USA) in
a humidified atmosphere with 5% CO2 at 37°C. BGC-823
and MKN45 cells were cultured to around 70% confluency,
and then were transfected with CUL4B siRNA and
pcDNA3.1-CUL4B plasmid or corresponding controls (all
from Biolink Biotech, Shanghai, China), respectively, by
using Lipofectamine 2000 (Invitrogen, CA, USA). Culture
medium was changed 24 h after transfection, the cells were
cultured for another 24 hrs and then collected for following
experiments.

Cell Proliferation Assay

The proliferation of BGC-823 and MKN45 cells was evalu-
ated using cell counting kit-8 (CCK-8) assay (Dojindo,
Kumamoto, Japan). In brief, cells were seeded in 96-well
plates at 2000 cells/well and cultured for 24, 48, 72, 96, and
120 h. Then, the cells were incubated with 10 pL. of CCK-8
solution at 37°C, and the absorbance at 450 nm was calculated.

Colony Formation Assay

Log-phase BGC-823 and MKN45 cells were seeded in
6-well plates and cultured for 14 days. Next, the cells
were fixed, stained with Giemsa, and the colonies were
counted under microscope.

Cell Invasion Assay

The invasion of BGC-823 and MKN45 cells was evaluated by
using transwell chamber with Matrigel (Millipore, MA, USA)
as described previously.'® In brief, 10* cells were seeded in
the upper compartment of transwell chamber, and the bottom
chamber was filled with medium supplemented with 10%
FBS. After incubation for 48 h, cells that invaded to the
bottom chamber were fixed and stained with crystal violet.
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Nude Mice Xenograft Model

Animal experiments were approved by Animal Care and Use
Committee of Hubei University of Arts and Science and per-
formed in accordance with National Guideline for ethical
review of animal welfare (GB/T 35892-2018, China). Four-
week-old male BALB/C nude mice were divided randomly
into two groups (n= 3), and 10" BGC-823/si-CUL4B and
BGC-823/Scramble cells were injected subcutaneously into
the left and right groin, respectively. Five weeks later, the
mice were euthanized, and the tumor volume and mass were

measured.

Statistical Analysis

All data were analyzed by SPSS 22.0 software (SPSS,
Chicago, IL, USA). Differences in the groups were ana-
lyzed by Student’s #-test or Fisher’s exact test. Survival

rate was calculated using Kaplan—-Meier curve. The risk

of individual factors was calculated by Cox proportional
hazard model. P<0.05 was considered significant.

Results
Upregulation of CUL4B in GC

We first examined two independent GC datasets from the
Oncomine database and observed significantly high expres-
sion of CUL4B in GC (Figure 1A and B). PCR analysis of
fifty paired randomly selected GC specimens confirmed
higher CUL4B mRNA levels in GC tissues compared to
paired normal mucosa (Figure 1C). Moreover, Western blot
analysis revealed higher CUL4B protein levels in GC tissues
compared to paired normal mucosa (Figure 1D).

Association of CUL4B Expression with

Clinical Features of GC
To investigate the association of CUL4B expression

with clinical characteristics of GC, we performed
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Figure | Clinical significance of CUL4B expression in GC patients. CUL4B mRNA expression based on Oncomine datasets: DErrico gastric (A) and Chen gastric (B) no
value (0), diffuse gastric adenocarcinoma (1), gastric adenocarcinoma (2), gastric intestinal type adenocarcinoma (3) and gastric mixed adenocarcinoma (4). (C) Real-time
PCR analysis of CUL4B mRNA expression in 50 human GC tissues and corresponding normal mucosa. **P<0.01. (D) Western blot analysis of CUL4B protein expression in
4 representative paired GC tissue samples. Immunohistochemical staining for CUL4B in adjacent normal mucosa (E) and GC tissues (F). Original magnification: 200%.
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CULA4B staining in TMA including 190 paired speci-
mens. In normal mucosa, 116 (61.1%) showed negative
CUL4B staining (Figure 1E), and only 20 (10.5%)

Table | CUL4B Expression in Normal Mucosa and GC Tissues

showed strong CUL4B staining. In contrast, in GC
tissues 92 (48.4%) showed strong CUL4B staining
(Figure 1F), 66 (34.7%) showed weak CUL4B staining,

Tissue Samples n CUL4B Expression P
Negative Weak Positive Strong Positive
Normal mucosa 190 116 (61.1%) 54 (28.4%) 20 (10.5%)
GC tissues 190 32 (16.8%) 66 (34.7%) 92 (48.4%) <0.001*
Notes: *Significant difference.
Table 2 Association Between CUL4B Expression and Clinicopathological Features
Features n CUL4B Expression P
Negative (32) Weak Positive (66) Strong Positive (92)

Age (year) 0.142
<65 88 18 (20.5%) 34 (38.6%) 36 (40.9%)
265 102 14 (13.7%) 32 (31.4%) 56 (54.9%)

Gender 0.740
Male 120 19 (15.8%) 44 (36.7%) 57 (47.5%)
Female 70 13 (18.6%) 22 (31.4%) 35 (50.0%)

Tumor size (cm) 0.112
<3 62 15 (24.2%) 17 (27.4%) 30 (48.4%)
23 128 17 (13.3%) 49 (38.3%) 62 (48.4%)

Tumor location 0.412
Gastric fundus 9 0 (0.0%) 3(33.3%) 6 (66.7%)
Gastric corpus 87 13 (14.9%) 34 (39.1%) 40 (46.0%)
Pylorus 94 19 (20.2%) 29 (30.9%) 46 (48.9%)

T Stage <0.001*
TI 49 21 (42.9%) 15 (30.6%) 13 (26.5%)
T2 33 7 (21.2%) 12 (36.4%) 14 (42.4%)
T3 89 4 (4.5%) 35 (39.3%) 50 (56.2%)
T4 19 0 (0.0%) 4 (21.1%) I5 (78.9%)

N Stage <0.001*
N O 72 25 (34.7%) 25 (34.7%) 22 (30.6%)
N | 73 6 (8.2%) 27 (37.0%) 40 (54.8%)
N 2 33 1 (3.0%) 10 (30.3%) 22 (66.7%)
N3 I 0 (0.0%) 4 (36.4%) 7 (63.6%)

UICC Stage <0.00*
I 60 26 (43.3%) 16 (26.7%) 18 (30.0%)
Il 36 6 (16.7%) 19 (52.8%) Il (30.6%)
I 79 0 (0.0%) 27 (34.2%) 52 (65.8%)
vV 15 0 (0.0%) 4 (26.7%) Il (73.3%)

Differentiation 0.007*
High 37 7 (18.9%) 4 (10.8%) 26 (70.3%)
Moderate 33 3(9.1%) 13 (39.4%) 17 (51.5%)
Low 120 22 (18.3%) 49 (40.8%) 49 (40.8%)

Note: *Significant difference.

Abbreviation: UICC, the International Union Against Cancer.
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and 32 (16.8%) showed negative CUL4B staining
(Table 1).

The association of CUL4B expression and clinico-
pathologic parameters of GC was summarized in Table 2.
Elevated CUL4B expression in GC was significantly asso-
ciated with T classification (P<0.001), N classification
(P<0.001), UICC stage (P<0.001) and tumor differentia-
tion (P=0.007), but was not significantly associated with
other clinicopathological parameters including gender,
age, tumor size or location (P>0.05).

Prognostic Value of CUL4B in GC

Patients who were positive for CUL4B staining in GC
tissues showed significantly worse DFS and OS compared
to those who were negative for CUL4B staining in GC
tissues (Figure 2), suggesting that elevated CUL4B expres-
sion predicts poor outcomes in these patients.

Based on univariate analysis, T classification, N classifica-
tion, UICC stage, tumor differentiation and CUL4B were
identified as significant independent prognostic factors.
Based on multivariate analysis, CUL4B was identified as
an independent prognostic factor for both DFS and OS
(Tables 3 and 4).

CUL4B Promotes the Proliferation,
Migration and Invasion of GC Cells

in vitro

CULA4B protein expression levels in gastric mucosa cell
line and GC cell lines were compared (Figure 3A).
Among GC cell lines, MKN-45 cells had the lowest
CUL4B expression and were used to generate CUL4B
overexpression cell line, while BGC-823 cells had the
highest CUL4B expression and were used to generate
CUL4B knockdown cell line (Figure 3B).

CCK-8 assay showed that CUL4B knockdown or
overexpression inhibited or promoted GC cell growth
in vitro, respectively (Figure 3C and D). Moreover,
clone formation assay demonstrated that CUL4B knock-
down or overexpression decreased or increased GC cell
colony formation, respectively (Figure 3E and F).
Furthermore, transwell assays indicated that CUL4B
knockdown or overexpression could decrease or increase
GC cell invasion, respectively (Figure 3G and H).
Collectively, these data suggest that CUL4B promotes
GC cell proliferation and invasion.
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Figure 2 Comparison of disease-free survival (P=0.013) and overall survival
(P=0.017) in patients with CUL4B positive and CUL4B negative tumors.

CUL4B Knockdown Inhibits Xenograft

Tumor in Nude Mice

To confirm the oncogenic role of CUL4B in GC, CUL4B
knockdown and control BGC-823 cells were injected into the
left and right groin of nude mice, respectively. CUL4B knock-
down group generated smaller subcutaneous xenografts in
nude mice compared with control group (Figure 4A-D).
These results further support that CUL4B promotes GC
tumor growth in vivo.

Discussion
CUL4B regulates a wide spectrum of biological processes
such as DNA replication, DNA damage and cell cycle
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Table 3 Univariate and Multivariate Cox Proportional Hazard Models for Disease-Free Survival

Features Disease-Free Survival
Univariate Analysis Multivariate Analysis
HR (95% CI) P HR (95% CI) P
Age (year) 0.997 (0.542-1.835) 0.992
Gender 1.067 (0.575-1.983) 0.836
Tumor size (cm) 1.791 (0.879-3.650) 0.109
Tumor location 0.853 (0.528-1.380) 0518
T stage 1.876 (1.256-2.802) 0.002* 1.430 (0.808-2.530) 0.219
N stage 2.396 (1.715-3.348) <0.001* 1.805 (1.055-3.807) 0.031*
UICC stage 2.972 (1.877-4.705) <0.001* 1.386 (0.624-3.076) 0.024*
Differentiation 2.259 (1.328-3.843) 0.003* 1.529 (0.892-2.620) 0.013*
CUL4B 2.059 (1.244-3.407) 0.005* 1.343 (0.732-2.464) 0.034*
Note: *Significant difference.
Abbreviations: UICC, the International Union Against Cancer; HR, hazard ratio; Cl, confidence interval.
Table 4 Univariate and Multivariate Cox Proportional Hazard Models for Overall Survival
Features Overall Survival
Univariate Analysis Multivariate Analysis
HR (95% CI) P HR (95% CI) P
Age (year) 1.064 (0.579-1.957) 0.841
Gender 0.974 (0.521-1.821) 0.935
Tumor size (cm) 2.014 (0.974-4.165) 0.059
Tumor location 0.820 (0.506—1.329) 0.421
T stage 1.843 (1.243-2.732) 0.002* 1.640 (0.892-3.013) 0.111
N stage 2.298 (1.649-3.204) <0.001* 1.971 (1.143-3.398) 0.015*
UICC stage 2.659 (1.720-4.112) <0.001* 1.085 (0.480-2.449) 0.037*
Differentiation 2.184 (1.285-3.710) 0.004* 1.485 (0.867-2.543) 0.019*
CuL4B 2.028 (1.222-3.367) 0.006* 1.283 (0.697-2.362) 0.042%*

Note: *Significant difference.

Abbreviations: UICC, the International Union Against Cancer; HR, hazard ratio; Cl, confidence interval.

progression.”® Notably, CUL4B is crucially involved in
tumor development and progression.'*>'® Silencing CUL4B
suppressed non-small cell lung cancer cell proliferation,
invasion and epithelial mesenchymal transition (EMT)
through canonical Wnt pathway.'> Furthermore, CUL4B
knockdown significantly inhibited proliferation and induced
apoptosis in osteosarcoma cells.'® In addition, abnormally
elevated CUL4B level was correlated with differentiation,
invasion, lymph node metastasis and advanced stage of colon
cancer, predicting an unfavorable prognosis.'® In node-
negative breast cancer patients, higher CUL4 expression

was associated with shorter overall and disease-free

1.17

survival.”* Nevertheless, prognostic significance of CUL4B

in GC remains unclear.

In this study, CUL4B expression at both mRNA and
protein levels was higher in human GC tissues than in paired
normal mucosa, in agreement with the data from Oncomine.
Furthermore, we demonstrated that CUL4B expression was
significantly associated with T and N classification, UICC
stage and differentiation of GC, indicating that CUL4B
upregulation is highly correlated with GC development and
progression. Moreover, CUL4B served as a prognostic fac-
tor for DFS and OS, predicting poor survival of GC patients.

In addition, we generated CUL4B knockdown and
overexpression GC cell lines, and found that CUL4B
promoted cell proliferation and colony formation.
Moreover, we showed that CUL4B knockdown inhibited

xenograft tumor formation in nude mice, indicating that
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Figure 3 CUL4B regulates GC cell behaviors in vitro. CUL4B protein levels in GC cell lines (A) and in CUL4B overexpression and knockdown MKN-45 and BGC-823 cell
lines, respectively (B). Overexpression or knockdown of CUL4B elevated or inhibited GC cells proliferation (C, D), colony formation (E, F), and invasion ability (G, H),
compared with their control groups, respectively (*P<0.05). (G, H) Original magnification: 200x.

CUL4B could promote GC growth both in vitro and
in vivo. Transwell assays further showed that CUL4B
could facilitate GC cell invasion in vitro. It was reported
that CUL4B activated Wnt/B-catenin signaling in hepato-
cellular carcinoma. Mechanistically, CUL4B mediated epi-
genetic silencing of Wnt pathway antagonists such as
DKK1 and PPP2R2B by promoting the recruitment of

PRC2 to their promoters to repress their expression.?' It
remains unclear whether similar mechanisms may explain
how CUL4B contributes to GC progression by activating
Wnt/B-catenin signaling.

In conclusion, our study provided the first insight into
the clinical significance of CUL4B in human GC. CUL4B
expression is upregulated in GC, and elevated expression
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Figure 4 CUL4B promotes GC growth in vivo. CUL4B knockdown inhibited GC in nude mice (A, B). Tumor weight (C) and volume (D) were decreased in mice
xenografted with si-CUL4B cells compared to control mice (*P<0.05, **P<0.01).

of CUL4B could promote GC cell proliferation and inva-

sion. In addition, CUL4B is an independent predictor of

unfavorable prognosis in GC, and is a potential target for
GC therapy.
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